introduction: To investigate the effect of the number of removed lymph nodes (RLNs) on outcomes in patients with node-positive vulvar squamous cell carcinoma (SCC).
Methods: This population-based retrospective study included vulvar SCC patients recorded on the surveillance, epidemiology, and end results database, who received surgery and lymphadenectomy. Cox regression proportional hazards were used for multivariate analysis. The number of RLNs was examined as a 4-level categorical variable based on quartiles.
results: In total, 703 patients were identified. Patients with a higher RLN count had a significantly higher number of positive lymph nodes. The 3-year cause-specific survival (CSS) rates were 48.9, 65.9, 73.1, and 67.3% in patients with 1-6, 7-10, 11-16, and 17-45 RLNs, respectively ( p < 0.001), and the 3-year overall survival (OS) rates were 36.1, 50.6, 61.1, and 57.6%, for the same RLN groups, respectively ( p < 0.001). RLN count was an independent predictor of outcome. Using 7-10 RLNs as reference, patients with 1-6 RLNs had poor CSS [hazard ratio (HR) 1.727, 95% confidence interval (CI) 1.201-2.485, p = 0.003] and OS (HR 1.436, 95% CI 1.078-1.911, p = 0.013), while there were comparable outcomes in patients with 11-16 and 17-45 RLNs to patients with 7-10 RLNs. Adjuvant radiotherapy improved CSS ( p = 0.023) and OS ( p = 0.003) in patients with ≤6 RLNs, but was not associated with better outcomes in patients with >6 RLNs.
conclusion: The removal of more than six lymph nodes improves vulvar SCC outcomes in patients with node-positive disease.
Keywords: vulvar cancer, lymphadenectomy, removed node count, survival, surveillance, epidemiology, and end result inTrODUcTiOn Vulvar squamous cell carcinoma (SCC) is a rare gynecological malignancy, accounting for approximately 3-5% of all gynecological cancers (1, 2) . Lymph node status is an important indicator for predicting the outcome of vulvar SCC. One meta-analysis showed the 5-year overall survival (OS) rate to be 84. 5 node (PLN), two PLNs, and more than three PLNs, respectively (3). The standard treatment procedure for patients with nodepositive vulvar SCC is radical inguinal-femoral lymphadenectomy. However, controversy exists regarding the optimal extent of inguinal-femoral lymphadenectomy in patients with vulvar cancer. Theoretically, removing more lymph nodes reduces the potential for lymph node micrometastases, reducing the risk of relapse and improving survival. Several previous studies have found that in patients with node-negative vulvar SCC, an increased number of removed lymph nodes (RLNs) was significantly associated with better outcomes (4) (5) (6) (7) (8) . In patients with early-stage vulvar SCC, sentinel lymph node biopsy (SLNB) has been confirmed as safe and feasible (9) (10) (11) , with no significant difference in clinical outcomes between inguinal-femoral lymphadenectomy and SLNB (12) . Therefore, inguinal-femoral lymphadenectomy may be avoided in patients with early-stage vulvar SCC after careful lymph node assessment. A study of a population-based cohort from the surveillance, epidemiology, and end results (SEER) program has confirmed that a higher RLN count found during lymphadenectomy was associated with significantly better disease-specific survival in patients with stage III node-negative vulvar SCC, but not in patients with early-stage vulvar cancer (6) .
The number of PLNs is significantly related to survival outcomes in patients with vulvar SCC; therefore, the extent of lymphadenectomy could be a more accurate assessment of lymph node status of patients. However, the optimal extent of lymphadenectomy in patients with node-positive disease remains controversial (13, 14) . A population-based study to investigate the role of the RLN count in vulvar SCC is important, due to the rarity of the disease. The purpose of this retrospective population-based study was to assess the effect of RLN count on outcome in patients with node-positive vulvar SCC treated with lymphadenectomy.
MaTerials anD MeThODs

Patients
This population-based study identified vulvar cancer patients diagnosed between 2004 and 2013, using the SEER program. This program, maintained by the National Cancer Institute, covers approximately 28% of the United States population and includes information on the demographics, incidence, and outcomes of specific cancers (15) . We have obtained the permission to access the publicly SEER database with the reference number 11025-Nov 2016. We included patients who met the following criteria: (1) histologically confirmed node-positive vulvar SCC who received surgery including lymphadenectomy; (2) the exact number of RLNs and PLNs were recorded; and (3) patient characteristics including age, race/ethnicity, tumor grade, tumor size, and receipt of radiotherapy or chemotherapy were available. Patients who received preoperative radiotherapy or SLNB were excluded. The institutional review board of the First Affiliated Hospital of Xiamen University had approved this study.
The following demographic, clinicopathological, and treatment characteristics were included: age, race/ethnicity, tumor grade, tumor size, receipt of radiotherapy or chemotherapy, and the number of PLNs and RLNs. The primary endpoints were cause-specific survival (CSS) and OS. CSS was defined as time from initial diagnosis to the date of vulvar cancer-related death. OS was defined as time from initial diagnosis to the date of death or last follow-up.
statistical analysis
The χ 2 test, Fisher's exact test, and one-way analysis of variance were used to compare the differences in patient characteristics among the RLN groups. Recognizing that the number of RLNs may have been incompletely counted or that there may be natural interindividual variation in lymph node distribution, the variable was examined as a 4-level categorical variable based on quartiles. Survival curves were plotted using the Kaplan-Meier method and compared using the log-rank test. Cox regression analysis was used to identify significant prognostic factors. Variables with p < 0.05 in the univariate analysis were entered into multivariate Cox regression models. All statistical tests were conducted using SPSS version 22 statistical software (IBM Corporation, Armonk, NY, USA). A p value less than 0.05 was considered statistically significant.
resUlTs
Patients characteristics and number of rlns
A total of 703 patients were included and the patient characteristics are displayed in Table 1 . The median age of the patients was 69 years (range 21-95 years). Of the patients, 79.1% (n = 556) were non-Hispanic White. The median tumor size was 35 mm (range 2-200 mm). A total of 490 (69.7%) and 204 (29.0%) patients were received adjuvant radiotherapy and chemotherapy, respectively.
The median RLN count was 12 (25th percentile: 6, 75th percentile: 16; range 1-45) and the median PLN count was 2 (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Figure 1 shows the distribution of number of RLNs. The number of RLNs was classified using quartiles as follows: Group 1 (1-6, n = 181), Group 2 (7-10, n = 171), Group 3 (11-16, n = 194), and Group 4 (17-45, n = 157). Patients with a higher RLN count were more likely to be elderly (p = 0.008). In addition, a higher PLN count was seen in patients with a higher RLN count, and Group 2, 3, and 4 patients had a significantly higher number of RLNs compared with Group 1. There were no associations between race/ethnicity, grade, tumor size, and receipt of adjuvant therapy among the PLN groups.
correlating the number of Plns With survival
The median follow-up was 21.0 months (range 0-119 months). A total of 344 patients died and 230 (66.9%) of these died from vulvar cancer-related diseases. The 3-year CSS and OS rates were 64.1 and 51.5%, respectively. A higher RLN count was associated with better CSS and OS. In the four categories of RLNs, the 3-year CSS rates were 48.9, 65.9, 73.1, and 67.3% for patients in Groups 1, 2, 3, and 4, respectively (p < 0.001) (Figure 2A) . The 3-year OS rates were 36.1, 50.6, 
analysis of Prognostic Factors on Outcomes
The results of Cox regression univariate analyses indicated that age, race/ethnicity, tumor size (continuous variable), PLN count, and RLN count were prognostic factors in CSS and OS. In addition, receipt of radiotherapy or chemotherapy was associated with better CSS and OS ( FigUre 3 | Impact of adjuvant radiotherapy on cause-specific survival (a) and overall survival (B) in patients with 1-6 removed lymph nodes. with 11-16 RLNs and 17-45 RLNs compared with patients with 7-10 RLNs. Age, race/ethnicity, tumor size, and the number of PLNs were also the independent predictors for survival outcomes ( Table 3) .
effect of adjuvant radiotherapy on Outcomes according to number of rlns Adjuvant radiotherapy was not an independent predictor in our multivariate analyses. However, several studies have indicated that adjuvant radiotherapy is associated with an improvement of outcomes in patients with node-positive vulvar SCC (16) (17) (18) (19) . Therefore, we further analyzed the effect of adjuvant radiotherapy on survival outcomes according to the number of RLNs. Our results showed that in patients with ≤6 RLNs, adjuvant radiotherapy was associated with better CSS (p = 0.023) ( Figure 3A) and OS (p = 0.003) (Figure 3B ), while adjuvant radiotherapy was not associated with improved CSS (p = 0.740) or OS (p = 0.097) in patients with >6 RLNs.
DiscUssiOn
In this retrospective study, we used a population-based cohort to investigate clinical outcomes according to number of RLNs in patients with node-positive vulvar SCC, and our results indicated that patients with ≤6 RLNs had a higher risk of death compared with patients with >6 RLNs. Lymph node status has been confirmed as an important indicator in prognostic assessment, and has been included in the staging system for vulvar SCC (20) . A higher number of RLNs may increase the potential for lymph node micrometastases. However, in a study that included 158 vulvar SCC patients who underwent bilateral inguinofemoral lymphadenectomy, Baiocchi et al. found that a higher RLN count did not correlate with lymph node involvement (14) . In our study, we observed a significant difference in the PLN count according to various RLN count groups, with a significantly higher number of PLNs found in patients with a higher number of RLNs. Based on our results, we confirmed our hypothesis that a higher RLN count may more accurately predict nodal status in vulvar SCC patients with node-positive disease.
Our results also found that older age was associated with fewer RLNs. The reason for this difference remains unclear. Since all of patients identified in the study underwent surgery and lymphadenectomy, we can presume that these patients were not subject to serious complications and were suitable for surgical treatment and lymphadenectomy. A study by Panici et al. showed that the survival benefit of lymphadenectomy in older patients was similar to that of younger patients, and that lymphadenectomy did not increase the probability of complications (21) . Although we could not obtain surgical complication data from the SEER database, several previous studies have confirmed that lymphadenectomy does not have higher complication rates such as wound breakdown and lymphedema in older patients than in younger patients (21) (22) (23) (24) . These data suggest that complete lymphadenectomy is an important intervention in older patients too.
The optimal number of lymph nodes that should be removed during inguinal lymphadenectomy remains unclear. Baiocchi et al. found that in the 50.6% of study patients with node-positive disease, there was no significant difference in outcomes between patients with <12 RLNs and those with ≥12, while resection of <12 lymph nodes in node-positive disease negatively affected survival outcomes (p < 0.05) (14) . However, a study by Gill et al. did not find any difference in survival according to number of PLNs in univariate analysis. In our population-based study, we observed that resection of ≤6 lymph nodes had a significantly negative impact on CSS and OS (13) .
Adjuvant radiotherapy has been confirmed to improve outcomes in patients with node-positive vulvar SCC in previous research (16) (17) (18) (19) . A total of 69.7% of the patients in our study underwent adjuvant radiotherapy; however, adjuvant radiotherapy had no effect on survival outcomes of patients, according to the results of multivariate analyses. Very few studies have assessed the value of adjuvant radiotherapy according to the number of RLNs. Parthasarathy et al. studied 208 patients with a single PLN, and their results suggested that adjuvant radiotherapy may improve the disease-specific survival of single PLN patients with ≤12 RLNs (18) . A study by Polterauer et al. found that adjuvant radiotherapy only improved survival in patients with a lymph node ratio >20%, and not in patients with a lymph node ratio ≤20% (25) . In our series, adjuvant radiotherapy has been statistically shown to improve outcomes in patients who received a less extensive lymphadenectomy (≤6 RLNs), while not affecting the survival outcomes of patients with ≥7 RLNs. Therefore, assessment of the number of RLNs may not only indicate the potential therapeutic effect of lymphadenectomy, but may also be a useful method of selecting appropriate candidates for adjuvant radiotherapy.
Several limitations of our study should be acknowledged. First, the SEER database lacks a centralized pathology review, causing potential variability and subjectivity in determining the number of RLNs, and patterns of disease recurrence were also not recorded. Second, tumor location, such as midline, whether bilateral groin lymphadenectomy was performed, and the RLN count for each side or per patient was also not available in the SEER program. Third, details of the lymphadenectomy techniques used-debulking of bulky lymph nodes, superficial groin dissection, or superficial plus deep groin dissection-were lacking. Moreover, the cutoff point of the number of RLNs was classified based on quartiles. The optimal cutoff point of the number of RLNs should be explored in future prospective multicenter studies. Many of these limitations could be overcome by evaluating patients attending a single institution, but the rarity of the disease means that the use of a population-based database such as the SEER program, with its inherent strengths and weaknesses, is required.
cOnclUsiOn
In conclusion, our results suggest that RLN count is an independent predictor of outcome in vulvar SCC with node-positive disease. Patients with >6 RLNs had a significantly higher CSS and OS than patients with ≤6 RLNs. Further prospective studies with more patients are needed to further evaluate the role of removal of lymph nodes in vulvar SCC.
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